Purpose: To quantitatively and qualitatively compare fat-suppressed MRI quality using iterative decomposition of water and fat with echo asymmetry and leastsquares estimation (IDEAL) with that using frequency selective fat-suppression (FSFS) T2-and postcontrast T1-weighted fast spin-echo images of the head and neck at 3T. Materials and Methods: The study was approved by our Institutional Review Board. Prospective MR image analysis was performed in 36 individuals at a single-center. Axial fat suppressed T2-and postcontrast T1-weighted images with IDEAL and FSFS were compared. Visual assessment was performed by two independent readers with respect to; 1) metallic artifacts around oral cavity, 2) susceptibility artifacts around upper airway, paranasal sinus, and head-neck junction, 3) homogeneity of fat suppression, 4) image sharpness, 5) tissue contrast of pathologies and lymph nodes. The signal-to-noise ratios (SNR) for each image sequence were assessed. Results: Both IDEAL fat suppressed T2-and T1-weighted images significantly reduced artifacts around airway, paranasal sinus, and head-neck junction, and significantly improved homogeneous fat suppression in compared to those using FSFS (P < 0.05 for all). IDEAL significantly decreased artifacts around oral cavity on T2-weighted images (P < 0.05, respectively) and improved sharpness, lesion-to-tissue, and lymph node-to-tissue contrast on T1-weighted images (P < 0.05 for all). The mean SNRs were significantly improved on both T1-and T2-weighted IDEAL images (P < 0.05 for all). Conclusion: IDEAL technique improves image quality in the head and neck by reducing artifacts with homogeneous fat suppression, while maintaining a high SNR.
INTRODUCTION
The fat suppression technique is routinely used in clinical magnetic resonance imaging (MRI) of the head and neck to improve tissue or lesion contrast for characterization purposes (1) . In head and neck MRI, abrupt changes in contour and density between air and soft tissue make magnetic inhomogeneity and susceptibility artifacts, which present as regions of signal loss and architectural distortion (1, 2) . This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Also, dental prostheses in the oral cavity cause metallic artifacts that are presented as signal voids surrounded by a peripheral rim of high signal intensity (3) . These artifacts reduce image quality by causing architectural distortion, signal loss, and inhomogeneous fat suppression in the oral cavity, paranasal sinus (PNS), airway, and head-neck junction. Incomplete fat suppression and anatomical deterioration are commonly encountered in fat suppressed images obtained using the conventional frequency selective fat suppression (FSFS) technique, because FSFS is sensitive to magnetic field inhomogeneity and vulnerable to susceptibility and metallic artifacts.
Iterative decomposition of water and fat with echo asymmetry and least-squares estimation (IDEAL) technique using three asymmetric echo times and the three-point Dixon method for separating fat and water was introduced as an alternative solution for homogeneous fat suppression and reducing metal induced artifacts (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Calculation of the quantity of magnetic field inhomogeneity in each pixel from data is applied to generate the field map of IDEAL, by using asymmetric echoes to prevent fat-water "swapping", which is frequently encountered using symmetric echoes, and by using the least-squares method. Phase shift is corrected in each pixel by using this field map, and images which accurately separate fat and water are generated (12, 15) .
There are investigative reports which have been issued the usefulness of the IDEAL technique for the extremities and the spine (4-15). There was a technical report issuing the usefulness of IDEAL technique in separating fat and water in head and neck MR (16, 17) , and a recent report presented a successful fat quantification using this technique in parotid glands (18) . However, to our knowledge, there was no report on the application of IDEAL technique in the head and neck lesion in routine practical setting.
Thus, the purpose of our study was to prospectively compare the effectiveness of fat-suppressed (FS) T2-and postcontrast T1-weighted fast spine-echo (FSE) images using IDEAL to that using conventional FSFS with respect to metallic or susceptibility artifacts in the head and neck regions at 3T.
MATERIALS AND METHODS

Patients
This study was approved by our Institutional Review Board. and all subjects provided informed consent after receiving a full explanation of the nature of the study. We prospectively enrolled patients who were referred for head and neck evaluation using a 3-T MRI unit in our institution between September 2012 and August 2013. The exclusion criteria were as follows: (a) a scan range not including the oral cavity, and (b) MR images with severe motion artifacts affecting image interpretation. Sixty patients underwent the head and neck MR imaging during the period, and 24 patients were excluded due to severe motion artifacts. As a result, a total of 36 patients (23 men and 13 women; range, 24-85 years; mean, 55 years) were included in this study. Comparison of artifacts around the PNS, and oral cavity was possible in 21, and 30 patients, respectively, because these areas were not included in the cranial scan range in other patients. Pathologic diagnoses of the patients were as follows; malignancy in the oral cavity (n = 11), oropharynx (7), salivary gland (4), larynx (3) and hypopharynx (3), metastatic cervical lymphadenopathy (2), lymphoma (1), and benign lesions including lymphangioma (1), paraganglioma (1), AVM (1), venous malformation (1), and soft tissue edema (1).
MR Examination
MR examinations were conducted using a 3-T MRI system (Discovery 750W; GE Healthcare, Milwaukee, WI, USA) with a Geometry embracing method (GEM) head and neck coil suite. The scanner was a gradient system with 44 mT/m maximum gradient field strength and a 200 T/m/s slew rate. Axial IDEAL T2-weighted FSE and postcontrast axial IDEAL T1-weighted FSE images were taken in addition to our conventional contrast enhanced neck MRI images, which consisted of axial, coronal, and sagittal precontrast T1-weighted FSE, axial and coronal T2-weighted FSE, axial FSFS T2-weighted FSE, coronal short inversion time inversionrecovery (STIR) images, postcontrast axial, coronal and sagittal FSFS T1-weighted FSE, and axial diffusion weighted images. Table 1 summarizes the imaging parameters used in the study sequences. Contrast enhanced images were obtained after administering gadolinium-DTPA (Omniscan, GE Healthcare, Princeton, NJ, USA) (0.1 mmol/kg) into a cubital vein.
Image Analysis
Quantitative measurements were retrospectively performed by measuring the signal-to-noise ratio (SNR) on the picture archiving and communication system at designated anatomical structures of four different levels; PNS, oral cavity, head-neck junction and mid-neck. The images bearing the largest part of maxillary sinus, the crown of first lower molar tooth, the body of hyoid bone, and the base of arytenoid cartilage were selected to represent PNS, oral cavity, head-neck junction, and midneck levels, respectively. For each representative image, circular regions of interest (ROI) were manually located by an single investigator (J.H.H. with 3 years of experience in head and neck imaging) over medulla oblongata or cervical spinal cord. The ROIs were drawn as large as possible to include homogeneous areas of designated structures. We compared the SNRs of each sequence to quantitatively assess the ability of IDEAL to maintain signal intensities. The SNR was calculated by dividing the signal intensity by the mean value of back-ground intensity (19) , which was measured from the ROI outside the neck in a region free of artifacts.
Visual assessment of image qualities of two sets of sequences was retrospectively conducted: a) axial IDEAL FS T2-weighted, axial FSFS T2-weighted, and b) postcontrast axial IDEAL FS T1-weighted, and axial postcontrast FSFS T1-weighted images. All MR images from the 36 patients were independently reviewed by two head and neck radiologists (H.Y.L. with eight years and Y.H.K. with six years of experience). The readers were unaware of protocol information and image sets were presented in random order. Analysis of sets of images was performed using an independent PACS viewer.
Each category was evaluated using two different sets of MR sequences in the corresponding plane. The image qualities of categories were graded as follows:
a) The relative degree of metallic artifacts in the oral cavity
The degree of metallic artifacts from dental prosthesis, with respect to peripheral rim of high signal intensity, signal loss, and geographic distortion (20, 21) , was graded as follows: grade 1, excellent image quality without significant artifact; grade 2, minimal degree of artifacts without significant image quality impairment; grade 3, moderate degree of artifacts with image quality impairment, but preserved diagnostic reliability; grade 4, severe artifacts resulting in limited diagnostic reliability; and grade 5, severe artifacts resulting in non-diagnostic image quality.
b) The relative degree of susceptibility artifacts around the upper airway, PNS, and head-neck junction
The degree of susceptibility artifacts with respect to signal loss and geographic distortion in three different sites of abrupt contour change or air-soft tissue interface were separately graded as follows: grade 1, excellent image quality without significant artifact; grade 2, minimal degree without significant image quality impairment; grade 3, moderate degree with image quality impairment, but preserved diagnostic reliability; grade 4, severe artifacts resulting in limited diagnostic reliability; and grade 5, severe artifacts resulting in non-diagnostic image quality. c) Homogeneity of fat suppression A section with the most inhomogeneous fat suppression in each set of protocols was selected, and graded as follows: grade 1, homogeneous fat suppression in whole image; grade 2, incomplete suppression in one quadrant; grade 3, incomplete suppression in two quadrants; grade 4, incomplete suppression in three quadrants; and grade 5, incomplete suppression in the whole image. d) Contrast of lymph nodes/fat and of lesions/surrounding tissues Overall contrast of each analytic item was graded as follows: grade 1, excellent; grade 2, good with minimal 
Statistical Analysis
All statistical calculations and tests were performed using SPSS ver. 19.0 (SPSS, Chicago, IL, USA). SNRs of IDEAL and FSFS sequences were compared by using the paired t-test. Results of qualitative analyses of two image sets were compared using the two-sided Wilcoxon's signed rank test for each individual reader. Interobserver agreements for the visual assessment of image qualities were assessed using the weighted κ statistic. 
RESULTS
The SNRs of medulla oblongata in PNS level, and SNRs of cervical cord in oral cavity, head-neck junction and midneck level were significantly higher both on IDEAL T2-and postcontrast T1-weighted images than that of FSFS T2-and postcontrast T1-weighted images (P < 0.05 for all). Table 2 summarizes the results of quantitative analysis. Tables 3 and 4 show image quality scores for comparison of IDEAL and FSFS techniques on T2-and postcontrast T1-weighted images, respectively. Both IDEAL FS T2-and postcontrast T1-weighted images scored significantly better for homogeneous fat suppression by both readers (P < 0.001 for both), and IDEAL significantly reduced the relative degrees of artifacts around the airway, PNS, and head-neck junction (P < 0.05 for all) both on T2-and T1-weighted images. In addition, IDEAL FS T2-weighted images significantly decreased artifacts around the oral cavity (P (Figs. 1-3) . On FS postcontrast T1-weighted images, IDEAL significantly improved overall image sharpness, lesion-to-tissue contrast and lymph nodeto-tissue contrast (P < 0.05, for all). Scores for lesionto-tissue and lymph node-to-tissue contrast were better on IDEAL FS T2-weighted images, although there was no statistical difference in reader 1 (P = 0.058 and 0.070 for reader 1, P = 0.029 and 0.002 for reader 2, respectively). For both T2-and T1-weighted images, interobserver agreement between the two readers was moderate for susceptibility artifacts around PNS, and slight to fair for other categories.
DISCUSSION
Susceptibility artifacts and incomplete fat suppression are frequently encountered problems during MR evaluations of head and neck diseases (1, 22) . The IDEAL technique was introduced as an alternative to provide homogeneous fat suppression and reduce metal-induced artifacts (4) (5) (6) (7) (8) (9) (10) (11) (12) . Our study demonstrated that the IDEAL technique improved image quality by reducing metallic and susceptibility artifacts and by achieving more homogeneous fat suppression in head and neck 3-T MRI as compared with the FSFS method, while maintaining a high SNR.
Fat suppression techniques are routinely used during body MRI, especially T2-weighted and postcontrast T1-weighted imaging, which are essential for lesion detection and characterization in the head and neck, due to the large amounts of fat present in these regions (1, 2) . The commonly used fat suppression methods are classified into 3 types; chemically selective methods: FSFS and water excitation (WE); inversion recovery methods: short T1 inversion recovery (STIR), spectral presuppression with inversion recovery (SPIR) and spectral adiabatic inversion recovery (SPAIR); and chemical shift based water-fat separation methods: Dixon methods including IDEAL (23) (24) (25) . For head and neck MRI, abrupt changes in contour and density between air and soft tissue cause inhomogeneity in the magnetic field (1, 2) . This reduces image quality by architectural distortion, signal loss, and inhomogeneous fat suppression around the oral cavity, PNS, airway, and head-neck junction where substantial differences in magnetic susceptibility occur. Various metallic implants in oral cavity also cause field inhomogeneity and produce variable degrees of metallic and susceptibility artifacts (26) . Conventional FSFS is sensitive to these artifacts, and STIR has been proposed as a solution of reducing susceptibility artifacts. However, STIR has several important limitations. STIR can only be combined with T2-weighted or proton density-weighted images, because it suppresses short T1 species with a T1 similar to that of fat, and thus, its use is limited with contrast media.
Several studies have reported on the usefulness of the IDEAL technique with respect to improving image quality by reducing artifacts in the extremities and spine (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Previous reports have mentioned that the IDEAL technique improves visibility of the detailed anatomy (4) (5) (6) (7) (8) (9) (10) (11) (12) , by enabling more homogeneous fat suppression and reducing tissue obscuring artifacts produced around metallic fixation devices in the spine. The IDEAL technique is relatively insensitive to both B0 and B1 inhomogeneity because it tracks background magnetic field variations, and thus, enables the reduction of metallic artifacts (11) . In agreement with previous studies conducted in other body regions (4) (5) (6) (7) (8) (9) (10) (11) (12) , IDEAL improved the image quality of head and neck MRI by reducing susceptibility and metallic artifacts, and producing more homogeneous fat suppression. In addition, we conducted objective analysis and demonstrated that IDEAL preserved higher SNR than FSFS.
In clinical practice, large areas of signal loss are frequently encountered around the head-neck junction airway and the PNS on FSFS T2-weighted and postcontrast T1-weighted images, and these cause significant distortion of the anatomy (1) . In the present study, susceptibility artifacts and architectural distortion were markedly improved in both IDEAL FS T2-weighted and postcontrast T1-weighted images, especially at the head-neck junction (Figs. 1, 2) . Several studies have reported on the effectiveness of IDEAL for reducing the degrees of susceptibility artifacts around areas exhibiting abrupt contour changes in the extremities (12) (13) (14) . Metallic artifacts around metallic implants cause failed fat suppression and signal loss due to inadvertent water suppression caused by magnetic field inhomogeneity. These artifacts cause difficulties with the differentiation of failed fat suppression and true abnormal pathologic signal intensity. Metallic artifact is defined as areas of signal void surrounded by a rim of high signal intensity following the shape of a device (3). These artifacts are commonly encountered when conventional FSFS is used (1, 3) . Many types of dental prostheses comprised of different materials are used in clinical practice, and these cause variable degrees of metallic artifacts that affect MRI quality in the head and neck. The extents of artifacts produced by dental prostheses depend on the type and quantity of metal (26) (27) (28) . Gold and titanium display relatively mild artifacts, while stainless steel in arch bars, and lead and steel in dental crowns display severe in-plane and through-plane artifacts. Although, images were not analyzed with respect to component and type of dental prosthesis, IDEAL FS T2-weighted images significantly reduced the degrees of artifacts. Metallic artifacts were also significantly lower on postcontrast T1-weighted images according to one reader (P = 0.005). Intractable severe metallic artifacts caused by stainless steel, such as, arch bars and metal crowns, may not be improved by the IDEAL technique. The present study is the first to report the usefulness of the IDEAL technique for reducing metallic artifacts in the oral cavity, and suggests that the IDEAL technique provides a possible technical remedy for metallic dental artifacts.
Lesion/LN contrast and image sharpness were significantly improved on postcontrast IDEAL T1-weighted images, although they were not consistently improved on IDEAL T2-weighted images. Artifacts other than susceptibility and metallic artifacts also reduce image quality, such as, motion artifacts resulting from patient movement (29) . A broad spectrum of artifacts due to pulsation, swallowing, and breathing occur even in the images of co-operative patients. Combination with other techniques that reduce motion artifacts, such as, PROPELLER or BLADE, with IDEAL may further enhance image quality by improving image sharpness and contrast-to-noise ratio.
There are several limitations in the present study. First, the study cohort was relatively small, as the study was conducted as a preliminary study to evaluate the feasibility of the IDEAL technique in the head and neck. Second, it was not possible to regulate motion artifacts, including swallowing and breathing during scanning, to exclude them as causes of poor image quality, and many cases were excluded due to severe motion artifacts. Furthermore, the extents of motion artifacts in the two protocols differed for all patients, because scanning could not be performed simultaneously. The patients with head and neck tend to be old, and the frequency of the movement during scan increases in those patients. Moreover, the total scan time of our study protocol was longer than our standard protocol to include IDEAL sequences for T2-and postcontrast T1-weighted images. Third, our study cohort was composed of patients with heterogeneous characteristics and underlying diseases. However, this is the first report to demonstrate the usefulness of the IDEAL technique for head and neck MRI. A multicenter study with a large homogeneous cohort may be necessary to confirm the usefulness of IDEAL.
In conclusion, IDEAL FS T2-and postcontrast T1-weighted images improved image quality by reducing artifacts around the airway, PNS, and head-neck junction, while maintaining high SNR, and provided homogeneous fat suppression of the head and neck facilitating accurate diagnosis. IDEAL may be a useful fat suppression method for the head and neck region in general practice.
